Several prospective studies have demonstrated a higher cardiovascular complication rate in patients with a nondipping compared with a dipping blood pressure profile. However, the extent of blood pressure reduction during sleep can be highly variable in an individual patient, and a repeat ambulatory blood pressure study commonly shows a change in category. The reasons for this variability are not clear. In general, hypertensive patients with a non-dipper blood pressure profile have higher actigraphy-measured activity during time in bed than dipper hypertensive patients but no analysis of actigraphy-determined sleep parameters has been published. We therefore prospectively studied 52 hypertensive patients who were off antihypertensive drugs for at least 3 weeks and who underwent simultaneous ambulatory and wrist actigraphy monitoring. All patients were clinically free of any sleep-related disorder. The blood pressure profile was labelled dipper when the change in mean awake blood pressure to sleep blood pressure was 10% or higher and non-dipper if less than 10%.
Introduction
It has been recently reported [1] [2] [3] that 'sleep' activity (monitored with an actigraph) is higher in hypertensive patients with a non-dipper blood pressure profile than in a similar group of hypertensive patients with a dipper blood pressure profile. 1 However, these reports used average or total electronic measures of activity during the time patients were in bed and actigraphically-determined sleep parameters (eg sleep efficiency or latency) in these two hypertensive groups have not been reported. The cause of higher levels of sleep activity in patients with a non-dipper blood pressure profile is unknown but clinically inapparent sleep disordered breathing and other disturbances in sleep that may lead to arousals have been suggested. 4, 5 It is known that patients with sleep apnea are more likely to have a nondipping blood pressure profile than hypertensive patients without sleep apnea. 6 However, not all patients with sleep apnea syndrome have a nondipping blood pressure profile and hence this may only be one of many contributing factors to the nondipping blood pressure profile.
The study of clinical factors affecting the extent of the nocturnal dip in blood pressure while of theoretical interest also has significant practical value. High nocturnal blood pressure in a group of older patients with systolic hypertension is a potent predictor of subsequent cardiovascular complications. 7 In addition, a blunted nocturnal decline in blood pressure in other populations has been associated with accelerated hypertensive target organ damage, as well as increased vascular morbidity and mortality. [8] [9] [10] [11] However, there is only modest reproducibility of the circadian blood pressure changes and the dipper and non-dipper categorisations of blood pressure profiles 12 and therefore better understanding of the factors affecting this important prognostic factor is necessary.
We therefore studied untreated hypertensive patients with dipper and non-dipper blood pressure profiles using actigraphy. We hypothesised that actigraphy would detect differences among dipper and non-dipper hypertensive patients with regards to sleep latency and actual sleep duration during the time patients were in bed. We recognised that determining the cause and effect role of sleep disturbances and non-dipping would be better done with a different study design using polysomnography.
Methods

Patients
We studied 52 patients with hypertension who were untreated with antihypertensive medications for at least 3 weeks. The first 39 patients were the basis for our initial report. 1 All patients were clinically free of any known disorder that would affect sleep or mobility including congestive heart failure, severe chronic illness of any type, sleep apnea, narcolepsy or night shift work. Patients were clinically screened using normal clinical questions to exclude patients suspected of sleep apnea. No patient complained of excessive daytime sleepiness, or excessive snoring. The group consisted of 35 men and 17 women with a mean age of 57 ± 10 years. All patients were studied on a typical work-day for those who were actively employed. We instructed retired subjects to follow their usual level of daily activity. Patients were documented to have hypertension after two office visits 1 week apart with blood pressure greater than 140 mm Hg systolic and/or greater than 90 mm Hg diastolic blood pressure. A trained nurse with normal hearing (documented with an audiogram) measured clinic blood pressure 13 twice during each visit. All patients gave informed consent as approved by Institutional Review Board at the University of Connecticut School of Medicine.
Ambulatory blood pressure monitoring
Blood pressure was monitored for at least 24-h using either of two validated ambulatory monitors, 14 the Spacelabs 90207 monitor (Spacelabs, Redmond, WA, USA) or the QuietTrak monitor (Welch Allyn, Tycos, Arden, NC, USA). Only two subjects were monitored using the QuietTrak monitor and 50 were studied using the Spacelabs 90207 monitor. Typically, these studies were initiated before 11.00 with readings being taken every 15 min during the period 07.00 to 22.00 and at least every 30 min for the rest of the 24-h period. The non-dominant arm was the site of cuff placement for ambulatory blood pressure monitoring. The ambulatory monitor had to agree with a mercury column sphygmomanometer to within 7 mm Hg. All subjects were instructed to relax their arm during the readings and to go about their daily activities otherwise. The patients were also asked not to engage in heavy physical activity or showering during the study period. All patients kept a diary of daily activities and actual time of getting into and out of bed. Quality control and data editing was performed in a similar way as reported previously.
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Definition of dippers and non-dippers
Time in bed (TIB) was defined based on the patientkept diary that documented the exact time of getting into and arising from bed. The average blood pressure for this time in bed was calculated from the ambulatory monitoring data (termed night-time blood pressure). Daytime blood pressure was defined as the mean blood pressure during the remainder of the 24-h period. Mean blood pressure was calculated as the diastolic pressure plus onethird of the pulse pressure. The percentage decline in night-time blood pressure was calculated as follows: (mean daytime blood pressure − mean nighttime blood pressure/mean daytime blood pressure × 100). Patients with a decline in mean night-time blood pressure of less than 10% were non-dipper hypertensive patients.
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Wrist actigraphic monitoring
All patients wore the MiniMotionLogger actigraph (Ambulatory Monitoring, Ardsley, NY, USA) on the dominant wrist to monitor activity during the entire study period. This device has an electronic activity sensor that can operate in several modes. 1 The settings for this study included Zero Crossing Mode with 1-min epochs; the best settings for sleep analyses. 16 Before the start of the study, the clock times of the actigraph and the ambulatory monitors were synchronised. The actigraph was initialised for activity monitoring and data was subsequently downloaded and analysed using commercially available software; ACT and ACTION3 software (Ambulatory Monitoring). The built-in sleep-scoring algorithm was used to provide summary measures of activity during the time in bed for all patients. This algorithm correctly identifies sleep in about 80-90% of the time when compared with polysomnography. 16 The scoring algorithm for sleep computes a weighted sum of activity in the current minute, the preceding 4 min and the following 2 min and then applies re-scoring rules. 16 The algorithm has been validated for actigraphs worn on the wrist programmed in the zero-crossing mode and with epoch duration of 60 sec or is evenly divisible into 60 sec.
Data analysis
Raw data from the ambulatory blood pressure monitor was transferred into a personal computer with a statistical package (JMP, SAS Institute, version 3; and SPSS version 10, SAS Institute, Cary, NC, USA) for calculation of summary averages. The time in bed was determined from the patient-kept diary and referred to as TIB. Daytime and night-time averages were calculated based on the diary times. Hypertensive patients with dipper and non-dipper blood pressure profiles were compared according to baseline demographic characteristics, blood pressure and sleep parameters. Sleep latency is defined as the time in minutes to the first epoch scored as sleep, sleep onset (during time in bed) as determined from the actigraphic data. Sleep efficiency is the percentage of time patients were asleep while in bed as scored by the actigraphic sleep algorithm.
Data are expressed as the mean ± standard deviation, percentage, or median and interquartile range as appropriate. The normality assumption was tested using a Shapiro-Wilk test. Continuous normally distributed variables were compared among dipper and non-dipper hypertensives using one way ANOVA for independent groups (significance at the 0.05 level). When testing indicated unequal variances in the t-test, a Welch ANOVA testing was performed. For variables with a non-normal distribution (all sleep quality indices) a non-parametric equivalent test was used (Wilcoxon rank sum) to compare the two groups. A logistic regression model was also developed using the dipping category as the dependent variable and relevant clinical variables as independent factors (age, gender, daytime activity, night-time activity, and body mass index). The model was also run with race as an explanatory variable and also separately with sleep efficiency instead of nighttime activity. The goodness of fit was examined using the Hosmer and Lemeshow test.
Results
Demographics and activity levels of the study population
The study group is a middle aged, somewhat overweight group, with office blood pressure of 155/98 ± 15/6 mm Hg; with 16/52 (31%) patients having a non-dipper blood pressure profile. A similar proportion of hypertensive males and females (24/35 vs 12/17) had a dipper blood pressure profile in this study population. Age was similar among patients with dipper and non-dipper blood pressure profiles but non-dipper hypertensive patients tended to have higher body mass index (t = −2.19, P = 0.04). There was a significantly higher proportion of African American patients in the non- dipper group (50% vs 20%, P = 0.012). Overall, 24-h and daytime activity levels were similar in the two groups of patients but night-time activity was significantly higher in the patients with non-dipper blood pressure profiles (Table 1 ). An inverse relationship of daytime activity with age was seen in men (r = −0.54, P р 0.001) but not in women (r = −0.06, P = 0.79). There was no correlation between night-time activity and age in either men or women.
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Blood pressure and heart rate in the patients with dipper and non-dipper blood pressure profiles
Office blood pressure and heart rate were comparable in the two groups (Table 1) . Hypertensive patients with a non-dipper blood pressure profile had higher ambulatory blood pressure for systolic and diastolic 24-h and sleep periods ( Table 2) . Heart rate during the sleep period was significantly higher in the non-dipper group (70 ± 9 beats/min vs 63 ± 9 beats/min, F = 5.7, P = 0.02). 
Actigraphic parameters of activity and sleep
The two groups of hypertensive patients spent a similar amount of time in bed averaging about 7.5 h (458 vs 433 min, P = 0.39) ( Table 3) . Non-dipper hypertensives had a similar sleep latency time compared with dippers (median, 7 mins vs 15 min, P = 0.10) but dipper hypertensive patients spent a significantly longer period of time in bed asleep as scored by the actigraph (Table 3 ). The total time awake during the time in bed was higher in patients with non-dipper blood pressure profiles (t = −1.77, P = 0.08). There was a trend towards a shorter duration of sleep episodes in non-dippers and a longer mean duration for activity episodes during the time in bed (data not shown). No correlation was found between either percentage sleep or sleep latency and age or body mass index. However, women had a significantly higher percentage sleep time than men (87% vs 76%, F = 6.3, P = 0.05). Examination of the extent of night-time activity across the four quartiles of sleep systolic blood pressure did not show any differences in the four groups (F = 0.85, P = 0.47).
Predictors of non-dipper status
The data was used to construct a multiple logistic regression model to predict the occurrence of the non-dipping status, based on age, gender, body mass index, daytime and night-time activity. These variables were chosen on the basis of their clinical relevance. This model identified body mass index (kg/m 2 ) and night-time activity (units/min) as significant predictors of non-dipping, with daytime activity and gender not being significant explanatory variables. Sleep efficiency was a significant explanatory variable when included instead of night-time activity. The model was repeated with night-time activity separated into normal and high based on the 50th percentile and the high level as expected had a much larger odds ratio of 6.25. Inclusion of race as a covariate did not significantly affect the results. In this latter model including race as an explanatory categorical variable, race was not significant (P = 0.19) for non-dipping, and the significance of body mass index remained (P = 0.03) and for sleep activity was just beyond traditional significance All data except time in bed shown as median (interquartile range). TIB = Time in bed as reported by the patient. Daytime-night-time difference = the numerical difference between the average activity per minute during the daytime period and night-time periods.
(P = 0.07). The initial model correctly assigned 74% of patients to their respective groups. The data did not violate the assumptions of logistic regression and no interaction was detected (Table 4) .
Discussion
In this study, we have shown that in middle-aged patients with Stage 1-2 hypertension, a non-dipper blood pressure profile is explained by increased activity during the time in bed and a higher body mass index. Using actigraphy to examine sleep parameters, non-dipper hypertensive patients showed a similar latency time to onset of sleep after getting into bed, and less sleep during the time spent in bed compared with dipper hypertensive patients. Our study is unique because patients were free of antihypertensive medications or chronic systemic illness that may affect daytime or night-time activity levels and sleep determination. Our study was however not designed to ascertain cause and effect but mainly to ascertain if actigraphy could show differences in sleep parameters between the two hypertensive groups. These data raise the possibility that sleep itself is disturbed in patients classified as non-dipper hypertensive patients. Several factors may contribute to this disturbed sleep. Firstly, sleep disordered breathing is commonly seen in patients with hypertension. 17 In one study of 40 patients with obstructive sleep apnea, 19 had a non-dipper blood pressure profile. Furthermore, as the severity of apnea increases, there is a reduction of the physiological decline in sleep blood pressure. 18 Other subtle disturbances of sleep including snoring and mild apneas may also cause elevations in blood pressure. [18] [19] In our study, we clinically screened patients for sleep disturbances and included only patients who had no clinical evidence of any sleep-disordered breathing.
An alternative explanation for the higher activity during the time in bed that has been suggested 20 is that ambulatory blood pressure monitoring itself may interfere with sleep and that because non-dippers have higher sleep blood pressure averages, they would suffer a higher degree of sleep interference. A prior actigraphic study of hypertensive children 241 Table 4 Results of logistic regression model using clinically relevant variables to predict the presence of the nondipper blood pressure profile. and adults both before and during ambulatory blood pressure monitoring 21 found no effect of ambulatory monitoring on actigraphic sleep parameters making this explanation not likely or not the major factor. In addition, polysomnography analysis 22 found only minor interference in sleep during ambulatory blood pressure monitoring. These reports would make it less likely that the ambulatory monitoring itself was the cause of the nocturnal activity. In our own study, there was no increase in night-time activity as systolic blood pressure increased across quartiles. However, this analysis has limited power to detect small differences in night-time activity. It is not possible with the current study design to exclude repeated cuff inflation as a confounding factor in the analysis of the data without performing polysomnography in a large group of subjects or analysing actigraphic data just before and just after cuff inflation.
Coefficient
Our study has therefore generated a hypothesis that is worthy of additional study. Certainly, actigraphy appears capable of detecting subtle differences in sleep among the dippers and non-dippers. However, although actigraphy allows inferences about overall activity levels and sleep, it is not as good as polysomnography, 23 a method allowing more detailed analysis of sleep structure. Polysomnography remains the gold standard for the diagnosis of sleep disorders and especially sleep apnea but it is time consuming and relatively expensive. Frequent arousals during a variety of sleep related disorders would cause activation of the actigraph resulting in increased levels of activity and reduced sleep efficiency.
We were not able to show in this cross-sectional study that the daytime activity affected the blood pressure profile. A recent study 24 in which patients were studied on an active and an inactive day confirmed that daytime activity could influence dipping status. This is the first study to describe individual actigraphic measures of sleep quality in dipper and non-dipper hypertensive patients, and has certain limitations. Firstly, it is cross-sectional in design and ideally studies done on at least two separate sessions of simultaneous ambulatory blood pressure and actigraphic monitoring would be preferable. In
Journal of Human Hypertension addition, identification of sleep using actigraphy has been mainly validated in normal subjects and not hypertensive or sleep impaired subjects. 23 This would allow a detailed assessment of activity changes on the changes in sleep blood pressure. Furthermore, the actigraph cannot account for other factors influencing blood pressure during sleep such as posture and salt intake. Posture during sleep (lying on back vs either side) may differ among patients and itself cause variation in blood pressure during sleep. A study of untreated hypertensive patients is necessary using both actigraphy and polysomnography to evaluate the contribution of sleep quality to the blood pressure profile. Ideally, such a study should be done prospectively and on at least two occasions. An additional limitation of our study is that two different ambulatory monitors were used in the study; one oscillomteric and the other auscultatory. Only two patients were studied with the microphone equipped QuietTrak monitor and this would not invalidate the results. A direct comparison of oscillometric and auscultatory methods performed in 281 patients 25 showed good agreement on the mean values of the 24-h period.
In conclusion, we have shown that actigraphic measures of sleep are impaired in non-dipper hypertensive patients compared with dipper hypertensive patients. It is tempting to speculate that this is due to a variety of sleep disturbances including clinically inapparent sleep disordered breathing, or other unknown factors. Refinements are needed in the understanding of the information obtained by actigraphy during both daytime and nighttime periods.
